To support health research on the unique cohort of women with a history of military service, this study assessed the completeness of mortality ascertainment for Texas women veterans in Department of Veterans Affairs (VA) and non-VA databases. Methods: We examined female veteran-specific mortality ascertainment comparing the VA Beneficiary Identification and Records Locator Subsystem Death File (BIRLS DF), VA Patient Treatment Files (PTF), and Social Security Administration-Death Master File (SSA-DMF) with Texas death certificate data. Databases were deterministically cross-linked, using female sex and social security numbers. Deterministic and probabilistic linkage methods were also compared. Results: Of 6297 decedents identified by death certificates, SSA-DMF, BIRLS DF, and PTF databases identified 97.5% collectively and 94%, 77%, and 5% individually. Compared with Texas death certificates, sensitivity of VA and SSA databases improved with increasing age. Conclusions: This study highlights that although the VA and SSA administrative databases have less complete ascertainment for younger decedents, combined these electronic databases provide nearly complete ascertainment for women veterans. Challenges related to large female-specific cross-linkage studies are explored, and a need to examine methods for female-specific health research studies in the general population is identified.
A s the largest integrated health care system in the United States, 1 the Department of Veterans Affairs (VA) maintains centralized electronic databases with national coverage, providing opportunities for efficient cross-linkage for a variety of research studies. In addition, during the past 3 decades, there has been a shift in the military population with increasing representation of women enlistees. The need for augmented research focused on female-specific veteran health issues has made women veterans' health research a priority area for investigator-initiated research by the US Department of Veterans Affairs Health Services Research and Development (VA HSR&D). 11 Tracking mortality in women with a history of military service is an important indicator necessary to understand long-term health effects of military service and deployment overseas. However, previous studies that have examined the completeness and accuracy of mortality status in administrative databases commonly used to ascertain vital status for veterans have been largely restricted to male veterans who use the VA health care system. [12] [13] [14] [15] [16] [17] [18] [19] The overall goal of this study is to provide the first female-specific assessment of the completeness of death information for all women veterans residing in Texas, regardless of whether they have used VA health services, by comparing VA administrative databases and the Social Security Administration-Death Master File (SSA-DMF), with Texas death certificates as reported to the National Death Index. Death certificates 20 and the National Death Index are considered the gold standard for mortality ascertainment in the United States. mortality database (considered the gold standard for identifying mortality in this study) served as the basis for comparison with VA sources of vital status data. The NRWV includes approximately 1.4 million records of women who served in the active US military and were discharged between January 1, 1942 and 1997, regardless of VA healthcare enrollment. The BIRLS DF, the largest VA source of death information, records fact-of-death information for decedent veterans who were VA beneficiaries or whose survivors applied for death benefits. 21 Since October 1991, the PTF has recorded patient deaths that occur while hospitalized at a Veteran Health Administration (VHA) facility or after discharge if a survivor informs the hospital of the event. 20 The VA maintains a copy of the SSA-DMF, which contains death notices for enrollees in the US social security program. 22 Differences in death ascertainment across the Texas mortality database, BIRLS DF, PTF, and SSA-DMF were examined by age, using sensitivity, specificity, and the Kappa coefficient for inter-rater agreement.
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Results
Overall, aside from median year of death as ascertained by the PTF, there were no meaningful differences across databases regarding the demographic composition of Texas female veteran decedents ascertained on the NRWV (Table  1) . A total of 6297 Texas female veteran decedents were identified by the Texas mortality database. Of those, 97.5% were identified by the combination of SSA-DMF, BIRLS DF, and PTF, and 94%, 77%, and 5% by the respective individual databases. Using the Texas mortality database as the standard for comparison, sensitivity of VA and SSA databases improved with increased age (Table 2) .
Conclusions
Our results are consistent with sensitivity rates reported in 2006 by Sohn et al 18 among primarily male (95%) VAusers, suggesting parity in completeness of death records for female veterans. Sohn et al 18 reported the BIRLS DF to be 77.4% complete; the SSA-DMF, 92.1% complete (compared with 94% in our population-based study); and the VHA Medical SAS Inpatient Datasets (previously referred to as the PTF dataset), 12% complete (higher than the 5% found in our population that included non-VA users). Subsequent to the study by Sohn et al, 18 a VA database that combines death dates from the VA BIRLS DF, SSA-DMF, Medicare Vital Status File, and Medical SAS Inpatient Datasets (eg, the PTF), was made available as the VA Vital Status Files. 23 Findings based on this Texas cohort of women with a history of military service indicated that although less complete for decedents 44 years of age and younger, the combined VA and SSA mortality databases provide nearly complete death ascertainment. The age differences in mortality ascertainment most likely reflect the purpose of the BIRLS DF and SSA-DMF to track vital status of their older beneficiary populations, and the PTF to track survival among VA in-patient populations. In contrast, state-based mortality data are intended for public health research, thus data are ascertained regardless of age and beneficiary status.
A potential limitation of this study may be the use of deterministic linkage techniques, using SSNs and female sex. We included female sex as a matching criterion to help mitigate the potential problem of SSNs on death certificates belonging to women veterans' decedent spouses, especially among older (Ն85 years) women decedents. 24 To the extent that women decedents were missing SSNs, our study results would be affected by under-ascertainment of veteran deaths. Another potential limitation that may affect our linkage results is the possible inclusion of inaccurately recorded SSNs by either database due to data entry errors.
To help prevent matching on erroneous SSNs, a computer algorithm was used to identify invalid SSNs on the NRWV before cross-linking the database with Texas death certificate data.
The potential bias related to variability in accuracy of SSNs on different databases may be further obscured for women due to last name changes. To address the challenge of evaluating a "true match" for female veteran linkage studies, an extension of this research, using a probabilistic matching algorithm in the same female veteran cohort was subsequently completed. Probabilistic techniques enable crosslinkage of records with imperfect matching on some or all identifying variables. A total of 5801 matching records were identified using both deterministic and probabilistic techniques. An additional 496 matching records were identified uniquely by deterministic linkage methods and 235 matching records were identified uniquely by probabilistic linkage methods. The increase in ascertainment using deterministic methods may be due to a discrepancy between missing identifiers (eg, birth dates or name), which were required by probabilistic methods to confirm a matching SSN. The 235 matches missed by deterministic methods were likely due to errors in the SSN (eg, transpositions of numbers in the SSN or single digit loss). Assuming that deaths ascertained by either method are true matches, deterministic linkages identified 96.4% and probabilistic linkages identified 92.4% of all female veteran deaths. Further research regarding the challenges related to female-specific cross-linkage studies is needed and would have important implications for any femalespecific cohort study using cross-linkage techniques. Thus, in addition to promoting research among women veterans, methodological insights gained from women veteran studies also have the potential to enhance research methods for femalespecific health research studies in the general population.
Lastly, this study did not examine cause of death information, which is critical in retrospective (or historical) cohort mortality studies. However, understanding the accuracy of vital status information in female veteran populations has multiple benefits. First, vital status information facilitates health service and epidemiologic research that includes mortality as an outcome or requires the information to track subjects that are lost to follow-up. Second, vital status information helps to identify known decedents or survivors in the veteran sampling frame before using more expensive resources to obtain cause of death or updated contact information.
In summary, compared with the Texas mortality database, the SSA-DMF provides the most complete database source of vital status data maintained by the VA for health studies conducted among women veterans. Neither the BIRLS DF nor the PTF alone should be relied upon to identify female veteran decedents. These findings suggest completeness of female fact-of-death data are similar to male veterans on the VA BIRLS DF, SSA-DMF, and PTF, which are included in the centralized VA vital status files. 23 Researchers interested in specific causes of mortality may follow the strategies used in this study (using State mortality data) to significantly reduce research costs of large-scale linkages with the NDI (to ascertain cause of death). 
